A prospective study was performed to evaluate the correlation between the proposed standard of the Antifungal Susceptibility Testing Subcommittee of the European Committee on Antibiotic Susceptibility Testing (AFST-EUCAST) (document 7.1) and the commercial system Etest for determining the MICs of flucytosine, amphotericin B, fluconazole, itraconazole and voriconazole for a collection of 100 clinical and environmental isolates of Cryptococcus neoformans. The agreements among Etest MICs within ±2 log 2 dilutions of AFST-EUCAST standard MICs were greater for flucytosine, fluconazole and voriconazole (76, 78 and 88 %, respectively) than for amphotericin B (5 %), the lowest agreement, and itraconazole (67 %). Overall, the correlation coefficients were statistically significant (P<0?05), and it is suggested that the Etest and AFST-EUCAST method are reliable alternatives and present good correlation for all drugs evaluated except amphotericin B. However, the observed differences related to MICs for susceptible, susceptible dose dependent and resistant strains between the methods suggest that it will be necessary to carry out further studies, including assessment of interlaboratory agreement and correlation of MICs by different methods with in vivo response.
INTRODUCTION
Cryptococcus neoformans is ubiquitous in the environment, and usually it is found associated with avian guano and vegetative debris (Randhawa et al., 2003) . The yeast is an exogenous and opportunistic pathogen capable of causing life-threatening infections, especially in people with immunodeficiencies, such as patients with AIDS, transplanted organs or some haematological malignancies (Casadevall & Perfect, 1998) . The pharmacological management of cryptococcal infections usually consists of primary therapy with amphotericin B, with or without flucytosine, almost always followed by a maintenance therapy, or a life-long suppressive therapy, with some azoles, principally, fluconazole (Saag et al., 2000) . High rates of fungal persistence and frequent disease relapse have sparked an increasing concern among clinicians considering the potential for antifungal resistance emergence among C. neoformans strains (Berg et al., 1998; Brandt et al., 2001) . For these reasons it is necessary to develop routine methods for determining the susceptibility of C. neoformans strains isolated from different sites to antifungal agents in order to evaluate the efficacy of treatments and the evolution of the disease. The main effort to develop a routine method for testing susceptibility of yeasts to antifungal agents has employed different species of Candida. These methods for determining the in vitro susceptibility of Candida spp., however, cannot be extrapolated to C. neoformans, owing to the fastidious nature of this micro-organism and its slow growth (Ghannoun et al., 1992) . The development of standardized antifungal susceptibility testing methods for the latter fungi has been the subject of numerous studies during the last decade Rex et al., 2001 , flat-bottom trays, spectrophotometric reading, 50 % inhibition as the end point for azole agents and flucytosine, and 90 % inhibition as the end point for amphotericin B. In recent reports it has been pointed out that susceptibility results obtained by using the proposed standard of EUCAST show high percentages of agreement with those obtained by the CLSI reference procedure (Clinical and Laboratory Standards Institute, 2002) . However, the agreement among susceptibility testing methods for C. neoformans has not been evaluated for many antifungal agents. Several reports indicate that the Etest is a viable alternative to the reference methods for susceptibility testing of yeasts. Procedures based on Etest strips are straightforward, economical to perform, and offer a practical method for a clinical laboratory (Chryssanthou et al., 1997; Warnock et al., 1998) . The purpose of this study was to compare the results obtained by the proposed AFST-EUCAST procedure with those obtained with the Etest system (AB BIODISK) for determination of the susceptibilities of 100 Cryptococcus species isolates to 5 antifungal agents.
METHODS
Isolates. One hundred isolates of C. neoformans (all being from serotype A) were selected for testing. The choice was made according to previous results (data not shown) of tests to study the presence of factors related to the virulence of the yeast, like phospholipase, proteinase, phenoloxidase and superoxide dismutase. Amongst the obtained results, samples with high, intermediate and low enzyme production were selected for the research of the antifungal susceptibility profile of Brazilian isolates of C. neoformans. These isolates (50 clinical and 50 environmental ones) were from geographically diverse regions in Brazil. The clinical ones had all been isolated from either cerebrospinal fluid or blood samples from infected patients and the environmental isolates were obtained from avian guanos and hollow trees. Prior to testing, each isolate was subcultured at least twice on Sabouraud dextrose agar plates (Difco) to ensure purity and optimal growth. C. neoformans ATCC 90112 was included as a control strain (Aller et al., 2000) .
Antifungal susceptibility testing. We employed as the gold standard methodology the broth microdilution procedure described in . Twofold serial dilutions of antifungal drugs were prepared in microdilution trays that contained 100 ml inoculum with between 0?5610 5 and 2?5610 5 c.f.u. ml 21 . All drugs were obtained as reagent grade powders: flucytosine and amphotericin B from Sigma, fluconazole from Pfizer, itraconazole from Janssen-Cilag and voriconazole from Pfizer. The final concentrations were 0?03-16 mg l 21 for flucytosine and amphotericin B, 0?12-64 mg l 21 for fluconazole, 0?015-8 mg l 21 for itraconazole and voriconazole. The microdilution plates were incubated at 35 uC in a non-CO 2 incubator, and MICs were determined with a spectrophotometer after 48 h; microdilution plates were reincubated if the OD 500 was ¡0?5 (indicative of poor growth) and read after the next day of incubation. For flucytosine and the azoles (fluconazole, itraconazole and voriconazole), the MIC end point was defined as the lowest drug concentration resulting in a reduction of growth of 50 % or more compared with growth of the control. For amphotericin B, the end point was the lowest concentration that resulted in a reduction in growth of 90 % or more compared with growth of the control (Cuenca-Estrella et al., 2003; Espinel-Ingroff et al., 2005) . The MICs at which 50 % (geometric mean MIC) and 90 % (MIC 90 ) of each of the 100 isolates tested suffered inhibition were determined for each drug.
Etest procedures. Etest strips (AB BIODISK) containing flucytosine, amphotericin B, fluconazole, itraconazole and voriconazole were purchased from Probac. The concentration gradient for flucytosine, amphotericin B, itraconazole and voriconazole ranged from 0?002 to 32 mg ml 21 and for fluconazole ranged from 0?016 to 256 mg ml
21
. The strips were stored at 220 uC until needed. The agar formulation used for the Etest was RPMI 1640 (American Biorganics) supplemented with 1?5 % agar and 2 % glucose, and buffered with MOPS (Lozano-Chiu et al., 1998; Pfaller et al., 2000) . Plates of 90 mm diameter containing RPMI 1640 and 2 % glucose agar to a depth of 4?0 mm were used. The agar surface was inoculated by using a non-toxic swab dipped in a cell suspension adjusted spectrophotometrically to the turbidity of a 1?0 McFarland standard. After the excess moisture was absorbed into the agar and the surface was completely dry, Etest strips were applied to each plate. The plates were incubated at 35 uC and read at 48 and 72 h. The azole MICs were read at the lowest concentration at which the border of the elliptical inhibition zone intercepted the scale on the strip. Any growth, such as microcolonies, throughout a discernible inhibition ellipse was ignored (Pfaller et al., 2000) . The flucytosine and amphotericin B MICs were read at the point at which the zone of almost complete inhibition intersected the strip. Sometimes, the growth of microcolonies up to the strip could be observed, principally in the case of azoles. So, the interpretation of the results must be made according to the criteria documented in the Etest technical guide (www.abbiodisk.com) by selecting the MIC value as the point of approximately 80 % of growth inhibition to azoles and the point of almost complete inhibition (95 %) of growth for flucytosine and amphotericin B.
Quality control. All susceptibility tests were repeated twice. The evaluation of antifungal susceptibility by both methodologies were realized simultaneously to avoid sample maintenance for different periods between the realization of one test and another. The potency and viability of stock solutions and Etest strips were controlled.
Periodic evaluations were realized with standard C. neoformans samples, like ATCC 90112, whose antifungal susceptibility profile has been previously established. Both on-scale and off-scale results were included in the analysis because the Etest strips contain a continuous gradient of each drug tested instead of the log 2 drug dilution scheme of the broth microdilution methods. So the Etest MICs were elevated to the next drug concentration that matched the microdilution scheme to facilitate comparison of the results. The percentage of agreement between the Etest and the AFST-EUCAST methodology was defined as the proportion of Etest results that fell within ±2 log 2 dilutions of the EUCAST MIC results. So, values were considered in agreement when the discrepancies between the methods were no more than 2 log 2 dilutions. In addition, the Etest results were examined to determine whether this method tended to produce higher or lower MICs than the AFST-EUCAST method.
The interpretative classifications of the isolates yielded by each test method were compared and discrepancies were defined as follows: (i) minor, isolate classified as S or R by one of the tests and as S-DD or I by the other method; (ii) major, isolate classified as S by AFST-EUCAST method and R by Etest; and (iii) very major, isolate classified as R by AFST-EUCAST method and S by Etest. Table 1 depicts the susceptibilities of 100 C. neoformans isolates to 5 antifungal agents through the determination of AFST-EUCAST method and Etest MIC ranges and corresponding geometric mean MICs for each speciesdrug combination. The comparison of MICs obtained by both methodologies resulted in a considerable correlation index varying from 0?92, as in the case of flucytosine, to 0?7, as seen for voriconazole. The overall levels of agreement among the results (Etest MICs within ±2 log 2 dilutions of EUCAST MICs) were greater for voriconazole (88 %), fluconazole (78 %), flucytosine (76 %), itraconazole (67 %) than for amphotericin B (5 %), which has the lowest level of agreement, as already seen by other authors (Aller et al., 2000) (Table 2 ). The in vitro interpretative antifungal susceptibility classification of the C. neoformans isolates as S, S-DD and R is summarized in Table 3 (Clinical and Laboratory Standards Institute, 2002). According to both methodologies, MICs for flucytosine, fluconazole, itraconazole and voriconazole tended to be clustered within the upper limits of the S category and in the S-DD and/or I category. Voriconazole and fluconazole showed the greatest category agreement. No one putative isolate resistant to flucytosine was observed while the same number of resistant isolates was observed for fluconazole by both methodologies. None of the classifications for flucytosine and itraconazole yielded by the alternative methodology Etest represented 'very major' discrepancies with respect to the AFST-EUCAST proposed one. The greatest percentage of 'very major' discrepancies was observed for amphotericin B, where 30 % of the isolates fell into this category. (Hitchcock et al., 1995) (Table 3) .
RESULTS AND DISCUSSION
Since yeast infections are increasing and more resistant strains are observed (Revankar et al., 1996; Schwarz et al., 2006) , a comparison of the currently available routine methods for susceptibility testing among themselves and/or with a gold standard method has been required (Vandenbossche et al., 2002) .
This is the first study in which the AFST-EUCAST proposed method has been compared with the Etest technique for flucytosine, amphotericin B, fluconazole, itraconazole and voriconazole susceptibility testing. Warnock et al. (1998) found that the MICs by Etest for amphotericin B were lower than the results obtained with the reference microdilution method, whereas the Etest MICs results for flucytosine, fluconazole and itraconazole were higher than those obtained with the microdilution method. Other authors (Brass et al., 1979; Odds, 1980) have reported that absolute azole MICs generated by agar-based techniques tend to be lower than those produced by broth assays. In agreement with other authors (Colombo et al., Table 2 . Distribution of differences in MICs for 100 C. neoformans isolates and percentage agreement within 3 dilutions for the AFST-EUCAST and Etest methods
Antifungal agent No. of isolates with Etest MICs different from the AFST-EUCAST method MICs
Percentage MIC agreement* Flucytosine  10  11  13  29  8  15  14  76  Amphotericin B  ---1  2  2  95  5  Fluconazole  22  22  12  23  7  13  1  78  Itraconazole  29  17  17  20  13  2  2  67  Voriconazole  3  9  14  35  20  12  7  88 *Percentage of agreement between the results is defined as the proportion of Etest MIC results that were within ±2 log 2 dilutions of the broth microdilution MIC results. Flucytosine  EUCAST  86  14  0  10  0  0  90  Etest  93  7  0  Amphotericin B EUCAST  70  0  30  0  0  30  70  Etest  100  0  0  Fluconazole  EUCAST  89  8  3  23  3  0  74  Etest  74  23  3  Itraconazole  EUCAST  95  5  0  11  0  0  89  Etest  91  8  1  Voriconazole  EUCAST  99  0  1  0  0  1  99  Etest  100 1995; Espinell-Ingroff et al., 1996) we observed the growth of microcolonies around or inside the inhibition zone when we tested flucytosine and fluconazole. The correlation of the Etest with the AFST-EUCAST method was acceptable, and to the best of our knowledge such a correlation for susceptibility testing for C. neoformans to these drugs has not been published yet. The correlations between the methods were acceptable since the r values were inside the range 0?7-0?975.
The greatest values of r for flucytosine and fluconazole indicated that the MICs for these drugs varied in a similar range by both methodologies despite the results obtained to the other drugs that presented lower r values. The MIC ranges for amphotericin B, itraconazole and voriconazole were not similar by the two methodologies ( Perkins et al. (2005) where the rates of antifungal resistance for amphotericin B were 5?3 %. Warnock et al. (1998) tested 18 isolates of Candida spp. and 2 C. neoformans isolates against amphotericin B, flucytosine, fluconazole and itraconazole by the Etest method in a multi-centre evaluation. These authors suggested that the Etest method is suitable for routine use with Candida spp. in evaluations for amphotericin B and flucytosine, but it is less reliable for the azoles. However, the two C. neoformans isolates generated a large number of discrepant results, which is in agreement with results obtained by Aller et al. (2000) . In that work the greatest discrepancies were with amphotericin B (8?1 % agreement on antibiotic medium 3 and 13?5 % agreement on RPMI 1640). These results disagree with those obtained by Lozano-Chiu et al. (1998) who evaluated the CLSI M27-A microdilution and the Etest agar diffusion methods for the detection of resistance to amphotericin B among C. neoformans isolates. For the putatively susceptible isolates they obtained results by Etest on RPMI 1640 agar and antibiotic medium 3 agar similar to those obtained for antibiotic medium 3 by microdilution, whereas the MICs for the resistant isolates were noticeably increased. Aller et al. (2000) found all strains putatively susceptible to amphotericin B and did not find a correlation between the values obtained by the two methods like in our study. The activity of voriconazole was the best one against C. neoformans. Voriconazole, a derivative of fluconazole, has previously been demonstrated to have a greater activity compared with itraconazole, and a broader spectrum of activity and higher potency than fluconazole against Candida spp., C. neoformans, Aspergillus spp. and other fungi (Hoban et al., 1999) . Voriconazole has recently been used for the treatment of several difficult-to-treat fungal infections, including refractory cryptococcal meningitis (Johnson & Kauffman, 2003; Perfect et al., 2003) . In comparison to flucytosine, amphotericin B, fluconazole and itraconazole, voriconazole has the lowest MIC for C. neoformans (Espinel-Ingroff, 1998; McGinnis et al., 1997; Nguyen & Yu, 1998; Pfaller et al., 1999; Yildiran et al., 2002) . Limited animal studies have shown that voriconazole is effective in reducing C. neoformans c.f.u. levels in lung and brain tissues in pulmonary and intracranial models, respectively (Hitchcock et al., 1995; Van Duin et al., 2004) . The recent emergence of C. neoformans isolates with decreased susceptibilities to fluconazole and amphotericin B is of great concern because these agents are recommended as the initial drugs of choice for the treatment of cryptococcosis. So, routine susceptibility testing of C. neoformans isolates for guidance during initial antifungal therapy is warranted (Aller et al., 2000 , Saag et al., 2000 . In conclusion, we suggest the Etest and AFST-EUCAST methods are reliable alternatives and presented good correlation to all drugs we evaluated except to amphotericin B. For fluconazole the detection of resistance by both methods correlated highly. On the contrary, for the detection of 31 resistant isolates by the AFST-EUCAST method (30 for amphotericin B and 1 for voriconazole) against only 1 for itraconazole by Etest there was a diminished correlation between the methods. Some isolates that tested resistant for amphotericin B and voriconazole by the AFST-EUCAST method appeared to be susceptible when tested by the Etest method. Generally this happens with such agar-based methods because of the trailing growth associated with broth methods like the AFST-EUCAST one. On the basis of our data we suggest that the results for isolates that appear to be resistant by any method should be carefully reviewed and such isolates may merit repeat testing and/or testing by other methods. Although more work needs to be done with less susceptible isolates, the aggregate data suggest that agar-based methods appear to produce a more consistent in vitro-in vivo correlation than the broth-based one by eliminating the trailing growth from the equation. However, the observed differences in MICs for S, S-DD and R strains between methods suggest that it will be necessary to carry out further studies, including assessment of interlaboratory agreement and correlation of MICs by different methods with in vivo response.
